Interactive role of the toll-like receptor 4 and reactive oxygen species in LPS-induced microglia activation.
Microglia are activated by lipopolysaccharide (LPS) to produce neurotoxic pro-inflammatory factors and reactive oxygen species (ROS). While a multitude of LPS receptors and corresponding pathways have been identified, the detailed mechanisms mediating the microglial response to LPS are unclear. Using mice lacking a functional toll-like receptor 4 (TLR4), we demonstrate that TLR4 and ROS work in concert to mediate microglia activation, where the contribution from each pathway is dependent on the concentration of LPS. Immunocytochemical staining of microglia in neuron-glia cultures with antibodies against F4/80 revealed that while TLR4(+/+) microglia were activated the low concentration of 1 ng/ml of LPS, TLR4(-/-) microglia exhibit activated morphology in response to LPS only at higher concentrations (100-1,000 ng/ml). Additionally, tumor necrosis factor-alpha (TNF-alpha) was only produced from higher concentrations (100-1,000 ng/ml) of LPS in TLR4(-/-) enriched microglia cultures. Diphenylene iodonium (DPI), an inhibitor of NADPH oxidase, reduced TNF-alpha production from TLR4(-/-) microglia. The influence of TLR4 on LPS-induced superoxide production was tested in rat enriched microglia cultures, where the presence or absence of serum failed to show any effect on the superoxide production. Further, both TLR4(-/-) and TLR4(+/+) microglia showed a similar increase in extracellular superoxide production when exposed to LPS (1-1,000 ng/ml). These data indicate that LPS-induced superoxide production in microglia is independent of TLR4 and that ROS derived from the production of extracellular superoxide in microglia mediates the LPS-induced TNF-alpha response of both the TLR4-dependent and independent pathway.